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UE "ABEY TFHN I quinoneg FEE
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Tetrazoliom 3G H-&(1, 2] tetrazoliumPGL 71d g o)&3}
o Hge AAAGAY BAhEAF 47 RARALER
formazang @u]A0 2 FaAso A F57E S WY
ojtk. Aol ZulE A4S WA e FFENA
22X 3FEEE ¥7r87198 CTC(5-cyano-2,3-ditolyl
tetrazolium chloride}= 2} 383349 tetrazolium¥y, esterase @
A& HrEE YsiAdE FDA (fluorescein diacetate)#] Alef
o] ARE-E I 9t}

w3, vEFA 9] tetrazoliumFe) INT(2-(p-iodophenyl)-3-
p-(nitrophenyD)-5-phenyletetrazoliumchloride) & AlS-3o 2
A, Qvt ARV A0 R SEFAE e AES AE3e
Hol 7hg3ict. 22l WABES AEITE Aol 7 4
Fulel X8 (AALE AE&7] B FHLAL E 3
F7F ok = 849 formazang AASHE HAA
tetrazolium chloridegl XTT(2,3-bis(2-methoxy-4-nitro-5-
sulphophenyl)-5-[(phenylamino)carbamyl]-2H-tetrazolium
hydroxyde)& °l-§ o EH HAPrZFE ARSI RZ HF
AT A M Ade TFEANE Hokske Bl 7y
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Z, FAR 2FY v EGEMs)e] #7Fd 2 2o o
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o3 gtk Z7)E v E colonyE FPAIA, FolF
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olF ¥7%2 HEE Bl invitrod R in sim(YHADE
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#14] PCR¥M2-S 88} in situ PCRH[7] 5, Boh Jdd W
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2oz Byet71918AE MPN-PCRY[8, 9], A¥3 PCRHY
[10] So] o|&¥t}l F§ DNA databased| £]3]| primer,
probe®] Z ¥-& design o] 7Fs5-3HAl HAULH, monitoring &
iAol El= EXHNAEE GEMsET ohuzl, WA E,
Azl gAF, FAseEd Bl 5ol s, HeA
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3HH, o}# FAAE monitoringH-g VA ES] A HY
ole] AL 1990dhol] B0 F&EA FH5E LA =AU
ERuAES] AT B9 olz}, backgroundZt HE AEA
9 7o) AEAS dolE Wd F low, A HeA
A 2 bioremediation?] AoJPE FHFTAE ALE
Bk BE v Bo] z2QlE 359 344l 165r DNA
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BEAYA

universal primere] %t PCRY¥M-& 3)3le] HFZHE A §
aadE R WAAE olgsd B¥8T H719ES band
pattern© 2X-E v|AES] thFy # W3tE |4 sk RFLP
(Restriction Fragment Length Polymorphism)®{11] %
DGGE(Denaturing Gradient Gel Electrophoresis)®[12]& ©]
L3l Ao dutst =HQen, bande] HIMEE JIEL
3l Eo]Z_Q] probeE AAIFOEZA FISHH o3 FF3
A FAE FaF AR 4FHA Uk

J, FAFLEE 92 AFHE A9 B8] HI e
7Yl thei A W EsiA Bl A E JEAgkeH, o
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Phospholipid fatty acid(PLFA) profile method{13, 14]

AR EL 2l4tE mono EE diesterd] FE THI AL
vehdth Qe FAZ e FA49 53 288 A
9 71 v]FA Y B g Z27] Wi, F AAHA 4AE 7
Ik o] Wi AXFL2 AR ] FHo| E AA
A s}e) nlele2 MY 715l ST GEE 3t Yk AA
AL Aolgle RE M Xd EAsit) 18{PE PLFA profile

2 quinone profileolA] FAHHA &= HAE &, Had
sl xS YSaHE nAE7A SHo] shsaith 19
W 287150 9% BRE ¥ 47t fivke 23l vk

Quinone profile method

A quinone[15, 1612 & ¥ JFFJAARGEZ I,
g Ee] A ER) 2R TUtE 37 2 FIEF B FY
Aol &J5) AR E A= vl B EAS, WA TH 2
o] wrEd &l ALRE 53l vENE EAAL
o} o|AE e FZHYH, isopreneZd ¢ B Sa9 XIEF
o] zolo) wakA E-fr9) AEIBAANE vepdddl ol nA
B ol oiA|thALe] 2}olo) wekA quinoneRAREE T
27 "t} o|AC ZHE, +H quinone ¥AF-E ZH WY E
oI EAHAACE Hrh

Quinone& F & ubiquinone(UQ), menaquinone(MK),
vitamin K1(VK1) 2 plastoquinone(PQ)°] 2.7, Fig. 1el
Lrebdubel 73o] isoprenoid Za)9] Zolo] watA z+z} UQ-
n, MK-n 2 PQ-n2 2 {A]¥Er}l UQL benzoquinoned &} F
¥ quinone©]™, MK¥ naphthoquinone®$] ¥ quinone°]
t}. Ubiquinone ¥} menaquinoneS F+%2| xpole whel Atshet
249 E t}=H, ubiquinoned ¢} +0.1V, menaquinone -
0.07Volth. &, Aa ¥ AAGEY & AAFEARME
ubiquinone & HAL-LHkA 24 0] & &UA) T humic acid %
FAEE AHY5EA 2 menaquinone g of-&dTh W
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Respiratory quinone

CH30 CH3 CHj
CH30 H H

0 cHz" 0 cHy ®
Ubiquinone(UQ-n(Hx)) Menagquinone(MK-n{Hx))
Photosynthetic quinone
CH3 CH3
CH3 nH nH
Y CH3 CH3 CH3

Plastoquinone(PQ-n) Vitamin(V) K1

n: Length of the side chain x: Number of the double bond saturated with hydrogen

Fig. 1. Chemical structures of major respiratory quinone.

A, TAYFLA7t B I/NAZANAME ubiquinone
43 quinone 2 23 tjAlE, AAY FEAVF B2 7Y
Ejo| 4= menaquinone& $Fquinone 2 23} mAEC] &
o] EAEgFUtty ALEFUT &, Hd FNAHFS
menaquinone & 2] quinoneA|©]™, ubiquinone2 R-F3}x|%
=tk olZ el vlsl, M-S AlLlg IYPE-L ubiquinoneTHE:
HAsiH, 57148971380 o 4&e Erhssich ®E,
%F%9] quinone-g EA3he BT AME S &£
Z15toll A ubiquinone& AFAAFHE, H7AH ZAd M=
menaquinoned 2] quinoneAE Frh YW O F Table 19
vepdulel o] zZhzhel w|AlEel wet E-f-2] -3 quinone
28 H{8T Jdom, quinoneF ] F=AH] =, quinone
profilee] S|t} Hi4o AEFHANZA] & EFH 2
2 &3 uiA ] w A Sl 1A quinone 4o oj& &
2 quinone ¥R G AAEe MAEZFE g3 3
o, z} quinone H£2}E 2] Ex)4], & quinone profileS T4l
EFATFZEY S e ok

19863 AVl A ATl 1o1A quinoneEA 2] & AHL
E5% AL Hedric and White[17]0] 8, A uj A EZ3 9] At
313 A E £ 3 7)sl7] $18te] menaquinone/ubiquinone 2]
4438 Jehligich o] Byo] w29 quinone profilese] &
S £ 2 S 8 AR AAEA Y 2 o
Age 219 54 BN 2r2A 27 7))

UA5g 743 Fg3tdh
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Table 1. Examples of dominate quinone species of some
bacteria

Bacteria Quinone
Achromobacter, Corynebacterium’ UQ-8
Pseudomonas aeruginosa” UuQ-9
Ancylobacter, Methylobacterium™ UQ-10
Bacillus pumilus”, Sporolactobacillus MK-7
Brevibacterium’ MK-8(H,)
Mycobacterium”™ MK-9(H,)

*Nitrile-degrading bacteria.
“Dimethylformamide-degrading bacteria.

T3, A quinone®] FAIMH-E Hu(18, 19]¢] 1§ 9
A 7ho|3 W =37} o] FojFH Tk EFY, quinone profile
HE o)A AETHH A = FX][20-25], EH26-30]1R 3k,
34{31-34)52] nAEPAS] s A ik RS g
819l 21 quinone profileyol] B3 X3 ¥} knowhowE
A3t gl

A= F 2 Az 24E Y, AN WY, &
= Z23AYE EYste AEANHLX  EY 3 F
A& Qe HAEY FF EAF H IR WEE IxX
o xHYE Axd £/ 2 F2 TR AZT A o
& =3taA gk £ dFolAM = Quinoned 4317 943t
3 2 349 B9 ¥ 20LE e nAES JHFHSA
on, ERS 10~20g, HIFAW <A AS
MLSS 3000mg/L¢] sampleE < 20mLAE Ha| W42
(7000rpm, 10min)3ted Hu[18] So] 7183 quinone ¥4}
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AEAZAA & B, FAFA AMAE gle vAEY F
F 2 =A% 279 WsE Fig. 29 JepiRich -9
e uie} Zo] sample® MAT F4 ¥ BAZA wje)
quinone®7} FH7H NZ THE AL ¢ 4 ATk W L &
$5AHE PQ, VK1, UQ-8, MK-63} -7 5 85 Fch €4,
PYEHA L EYIAE PO VKIS AEHA ¥stork
UQ E-x=2] EAn]71 UQ-8>UQ-10>UQ-92} =2 2 olx]
A& Rgon, MKe 242 MK-6, MK-7E£¥E MK-8
Azt 24 vEisth 2 v ERHTE 2 2
3 9 SFEOE tdstil v EFe] B2 AoE ey
th 53] EQe vEE A8k il wet EGFl A4
She MBS 23TE H gl A A7t S ¢ L
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Fig. 2. Microbial community structure in various

environments. (Nagoya University Farm; Unfertilized soil
(NF-s0il), Chemical fertilizer(CF-soil), Chemical fertilizer
+40t ha''y! of farmyard manure(CF+FYM-soil)).

Vol. 14, No. 4 (2001)



32 SEES

AR Th

%4 quinone EAjH|9} EAEF9] EX patternd] FE3},
quinone profileE X238 n|BE ET3hulFAle] hFAd S o
ehlE AE, & v E DQE tha3 Zol Bejst
FTH35].

@A), f = quinone ¥AF k9] EAB(HEA, ne EAH|7}
0.001 o]Ate] A= BAZEe] Folt} f<1YoR £ 02
97, % {7 FLFE £ Vo) Ak o] WES EAH)
7} AL A 442 2o suE 447 Aok DQIE A=
Bz 7 B&4E IA Hu, AR ExF] HEaHA
2% | BEAZF £9 F53Th & DQLol £AFS T4
W&ELT e A2 2RE DQE o]43ix Ao g
g 71 4 otk zhzk OE #7300 AoiA RAETY ok
A3 ©3 quinone EAIHIE Wl Fig. 3o JepfiAch
A L 35FY nAEY P 492 FARBIR W, 3
FAAZAY BAEHAY 11~15 2 EFS) 9~16 Boke 2
otck. 93 quinone EAjHlel] tisiAE A @ TFdME
03~08A=E WA RIS, EAseiR S EdlM=
0.20)3}2 Bith Z, 83 R IFdME EARPAEC 3
7] 43, gAEHA 2 EYAME A8 FFHY v E]
HiE gdaA SAEIL U AR F5E 5 At A
2 3SRt B4 @AEHA7 vl R oA HIZA
St F o) 7 M4 s 2 FA el AZH T

B A7 FE3F quinoned w]BEY R thAbY el
ety gled, UQe 3713F, MK #715F, PQ ¥
VK1 3Ae Argsls AxdgEdelt. o 31§94
quinone EA|¥]Z 447} diagramol] EA8lY ZHzh ohE A%
A2 MAYEZE v T3l Fig. 4o Jehlith EFEEFE

10 ® Ponds

| A Rivers
08 B Activated sludge
@ Soil

06T

04T ]

T P,
0.2

0 5 10 15 20
Microbial Diversity, DQ ( -)

Fig. 3. Microbial diversity in different environments.
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environments. (UQ: Aerobic respiration, MK: Anaerobic
respiration, PQ-9 + K1: Photosynthetic).
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